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ABSTRACT 
HABITAT, DIURNAL, AND TIDAL EFFECTS 
ON THE BEHAVIOR OF • 
GLAUCOUS-WINGED GULLS (LARUS GLAUCESCENS) 
by 
Dean Pearson 
The objectives of this study were to determine the 
effects of habitat, time of day and tide on the behavior of 
Glaucous-winged gulls nesting on Protection Island, 
Jefferson County, Washington. During the period f March - 
June, 1991, more gulls were present in the colony and their 
rates of behavior were greater during the morning and 
evening hours than during midday. 
Though gull numbers and their rates of behavior in the 
colony tended to increase with tidal cycle, a plateau in 
these numbers and rates consistently occurred between +0.3m 
to +1.2m above mean tide. 
More intrusion and courtship-related activity occurred 
in the short habitat than in the medium habitat, even though 
the nest density and reproductive success were not 
significantly different. 
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INTRODUCTION 
The Glaucous-winged gull (Larus glaucescens) is 
indigenous to much of the Pacific coast of North America. 
Its breeding range stretches from the Bering sea south to 
Oregon (Sibley and Monroe, 1990) and its winter range 
extends into Baja, California. 
According to Vermeer (1963), Glaucous-winged gulls 
return and begin breeding on Mandarte Island, British 
Columbia, during the first half of February each year. 
Recently, populations of this species have begun territory 
formation and pairing on Protection Island, Jefferson 
County, WA as early as December of each year (Galusha, pers. 
comm.). 
The basic social behavior of large gulls (family 
Laridae) has been thoroughly described in two important 
works: "The Herring Gull's World" (Tinbergen, 1953) and 
"Comparative Studies of the Behaviour of Gulls (Laridae): A 
Progress Report" (Tinbergen, 1959). Vermeer (1963) reports 
that Glaucous-winged gull displays do not differ 
qualitatively from those identified for Herring gulls (Larus  
argentatus) by Tinbergen. 
Nest-site selection within an avian breeding colony is 
often important for an individual's personal and breeding 
success. For example, cliff swallows (Hirundo pyrrhonota) 
nesting at the edge of a colony were more likely to be 
preyed upon by snakes than those in the center of the colony 
1 
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(Brown and Brown 1987); Kittiwakes (Rissa tridactlya) 
nesting in the center of a colony have greater clutch sizes, 
hatching success, and young fledged per adult pair than 
those nesting at the edge (Coulson 1968); and Laughing gulls 
(Larus atricilla) who nested in the center of a colony laid 
larger eggs and clutches than those nesting along the 
periphery (Mantevecchi 1978). 
Territories are defined as sites which are defended by 
animals against other conspecifics (Tinbergen 1956). It is 
known in gulls that males, rather than females, usually set 
up territories and defend them (Tinbergen 1956, Vermeer 
1963, Pierotti 1981). Empirical studies have been equivocal 
as to whether territory size affects reproductive success. 
Hunt and Hunt (1976) reported that chick survival of 
Glaucous-winged gulls breeding on Mandarte Island, British 
Columbia was greater on large territories in 1971, but not 
in 1973. However, Burger (1984) found no relationship 
between territory size (measured as nest density) and 
fledgling success in Laughing gulls. 
The effects of diurnal and tide cycles on the behavior 
of gulls has been previously reported. For example, Herring 
gulls have higher rates of aggression in the early morning 
and late afternoon (Burger 1984) than during midday. Also, 
numbers of Laughing gulls (Larus atricilla) on territories, 
their courtship activity and territory defense peak during 
early morning and evening hours (Burger 1976). Furthermore, 
the behavior of Herring gulls is influenced more by diurnal 
patterns than by tidal cycle (Galusha and Amlaner 1978). 
• Many studies, thus far, have focused on the effect of 
environmental factors, such as diurnal and tidal cycles, on 
gull activity and reproductive success for entire colonies 
or between central and peripheral nesting gulls within 
colonies. However, few studies have been reported on the 
activity of gulls nesting within different habitats in 
colonies. 
The purpose of this study was to: 
1. Identify behavioral differences,, if any, of 
Glaucous-winged gulls living in three habitats within a 
colony (based on height and type of vegetation). 
2. Estimate the effects of environmental parameters, 
such as tides and time of day, on the behavior of gulls 
nesting in a colony. 
3. Measure the reproductive success of gulls nesting in 
three habitats. 
MATERIALS AND METHODS 
Study Area  
This study was conducted on Protection Island (Fig. 1), 
Jefferson County, Washington, during the months of March-
June, 1991. The island is located 2.74 km N.E. of the 
Olympic Peninsula at the east end of the Strait of Juan de 
Fuca (48°07'N, 122°55'W). It has a surface area of about 375 
acres and is 2900m long and 330m wide at its widest point. A 
majority of the Glaucous-winged gulls nest on a low sand 
spit, Violet Point, which is where this study took place. 
At the beginning of the study, an area was selected 
which contained three habitats as determined by the height 
and type of vegetation: 
1) Short was a habitat that was sparsely vegetated, 
containing some areas of exposed earth and dried vegetation. 
The predominant plant species consisted of quack grass 
(Agropyron repens) and gumweed (Grindelia integrifolia), 
ranging between Ocm-5cm in height. 
2) Medium was a habitat that was completely covered 
with vegetation ranging between 7cm-30cm in height. 
Vegetation was uneven due to the presence of small mounds 
and depressions. Plant species found in this habitat were 
similar to those in the short area. 
3) Tall was an area that was densely covered with 








Figure 1. Map of Protection Island, Jefferson County, 
Washington and location of the study site on Violet Point. 
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A map of the study site is shown in figure 2. It was 
centrally located on Violet Point, on lot #59. The total 
surface area of the study site was approximately 800 m2. A 
plywood blind measuring 1.2m x1.2m x1.2m was positioned on a 
1.8m scaffold located 2m outside the study area facing 
north. The region marked by diagonal lines represents an 
area not used as part of the study, due to features such as 
logs, rocks and tall grass which prevented observation of 
gulls and their behavior. 
Study Methods  
Observations and records were made during several two 
hour watches each day, six days per week. They were 
organized in such a way as to cover the daylight hours from 
0600 to 2000 hours (pacific standard time). In later 
analysis, data were grouped into three time periods, morning 
(0600-0959), midday (1000-1459) and evening (1600-1959). 
At the beginning of each watch I entered the blind and 
waited for the gulls to calm (usually about 5 min). Then, I 
proceeded with the following sequence of observations which 
was referred to as a record: 
1. Noted the date, time, wind speed (using an 
anemometer) amount of cloud cover, and outside temperature 





    
     
        
        





        
27.5 m 
:•-••,••• 
Figure 2. Map of the study site on lot #59 on Violet 
Point, Protection Island. 
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2. Counted the total number of birds present in each 
of three habitats; short, medium and tall, in my study area. 
3. For 5 minutes, counted the number of gulls flying 
over the entire study area and noted the number of landings 
in each habitat (in later analysis, data were normalized to 
15 minutes). 
4. For 15 minutes, counted the number of intruders and 
residents landing in each habitat. Intruders were those 
gulls which landed in the study area and were chased off by 
other gulls within 60 seconds. Gulls which were not chased 
off were judged to be residents. 
5. For the next 15 minutes, the number and type of 
neighbor-neighbor disputes, and courtship activities were 
counted and described. Behaviors used in disputes were 
upright, choke, grass pull (Tinbergen, 1953) and tug. 
Behaviors included as courtship activities were 'pair" mew, 
choke, head toss, courtship feeding, and copulation. For 
both disputes and courtship activity, only the most intense 
behavior (Tinbergen, 1959) was finally recorded. 
6. Lastly, the behavior of 20 gulls observed in each 
of the three habitats and outside the study area was 
sampled. Behaviors noted were rest, sleep, preen, upright 
and "other" (all other behaviors). 
• Towards the end of the study data were also collected 
on the number of eggs and chicks per nest in each of the 
9 
three habitats to measure nest productivity and reproductive 
success. Unfortunately, such data were not obtained in the 
tall grass habitat, because there would have been too much 
disturbance and potential danger to eggs and chicks when 
collecting the data, due to the height and density of the 
vegetation. 
Statistics  
Data were analyzed with Chi-square, ANOVA (analysis of 
variance) with Scheffe s test, or Regression lines (3rd 
order polynomials were used, because they best fit the data) 
using SPSS and Cricket-Graph software. All proportion or 
percentage data were arcsin transformed before being 
analyzed with ANOVA or Regression lines. All data were 
considered significantly different when p<0.05, otherwise it 
was considered not significant (NS). 
RESULTS 
Figure 3 shows the relative surface areas of each of 
the three habitats in the study area. The medium habitat was 
approximately 2 times greater in size than the short and 
tall habitats, which were virtually the same size. However, 
each habitat had approximately the same nest density (fig. 
4; Chi-square of raw number of nests = 0.91, NS). 
Seasonal averages for proportions of rest, sleep, preen 
and "other" behavior occurring on the study site are shown 
in figure 5. Rest behavior occurred most often (43%) 
throughout the season and was more frequent than any other 
behavior. Other activities such as sleep, preen and upright 
behavior occurred between 15 and 20 percent of the time, 
with only sleep occurring significantly more often of the 
three. All "other" behaviors occurred the least often 
(ANOVA: F=200.30, p<0.05). 
The relative occurrence of rest, sleep, preen, upright 
and "other" in each habitat (fig. 6) follows the trend of 
those for the entire study area (fig. 5). However, there was 
significantly more rest behavior in the medium habitat 
(ANOVA: F=10.54, p<0.05), sleep behavior in the short 
habitat (ANOVA: 19.78, p<0.05), and upright behavior in the 
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Figure 3. The relative surface area for short, medium 





Figure 4. The nest density (average number of nests 
per 100 m2) for short, medium and tail habitats in the study 
site (Chi-square of raw number of nests per habitat = 0.91, 
NS). 
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REST SLEEP PREEN UPRIGHT OTHER 
BEHAVIOR 
Figure 5. The relative frequency of gull behaviors 
occurring during the day throughout the season. 
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REST SLEEP PREEN UPRIGHT OTHER 
BEHAVIOR 
Figure 6. The relative frequency of gull behaviors 
occurring within the short, medium and tall habitats in the 
study site throughout the season. An asterisk (*) indicates 
frequencies which are significantly different than the 
others (ANOVA: Rest F=10.54, p<0.05; Sleep 1=19.78, p<0.05; 
Upright F=8.03, p<0.05). 
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The average number (including standard error) of gulls 
flying over the study area per 15 minutes was 168 ± 6. 
However, this number ranged from 45-453 during the season. 
RATES OF GULL BEHAVIOR PER TERRITORY IN EACH HABITAT 
The intrusion rate per territory was significantly 
different between each of the habitat types (fig. 7). Rates 
for the short area were greater than medium which was 
greater than tall (ANOVA: F=64.13, p<0.05). Similarly, the 
dispute rate per territory (fig. 8) was significantly less 
in the tall habitat than in the other two habitats. However, 
disputes occurring in the short and medium areas were not 
significantly different (ANOVA: F=12.42, p<0.05). 
The courtship rate per territory was significantly 
different between each of the habitat types (fig. 9) with 
rates in the short area greater than medium which was 
greater than tall (ANOVA: F=64.32, p<0.05). 
DIURNAL EFFECT ON GULL BEHAVIOR 
The proportions of rest, sleep, preen, upright and 
"other" behavior occurring on the study site during daylight 
hours are shown in figure 10. Although most patterns of 
behavior were constant throughout the day, there was 
significantly less rest in the morning (ANOVA: F=6.20, 
p<0.05) and preening during midday (ANOVA: F=13.17, p<0.05) 

















Figure 7. The rate of intrusions per territory (values 
are means ± standard error) occurring in short, medium and 
tall habitats within the study site throughout the season 
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Figure 8. The rate of neighbor-neighbor disputes per .  
territory (values are means ± standard error) occurring in 
short, medium and tall habitats within the study site 

















Figure 9. The rate of courtship behavior per territory 
(values are means ± standard error) occurring in short, 
medium and tall habitats within the study site throughout 
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TIME OF DAY (x100 hrs) 
Figure 10. The relative frequency of rest, sleep 
preen, upright, and "other" behavior occurring on the study 
site as a function of time of day. 
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The average number of gulls on the study site during 
the three periods of daylight are shown in figure 11. More 
gulls were present in the morning and evening hours than 
during midday (ANOVA: r=17.12, p<0.05). 
Figure 12 compares the rate of gulls flying over the 
study site during morning, midday and evening hours. There 
were significantly more gulls flying in the morning than 
during the midday and evening periods (ANOVA: F=10.05, 
p<0.05). However, the intrusion rate was not different 
throughout these periods of the day (ANOVA: F=0.98, NS; fig. 
13). 
The dispute rates occurring in the morning and evening 
periods were greater than during midday (ANOVA: F=6.74, 
p<0.05; fig. 14). Rates of courtship showed similar trends 
of variation between periods day light (fig. 15). During the 
midday, the rate was significantly less than those of 
morning and evening (ANOVA: F=14.25, p<0.05). 
In summary, the most common behavior exhibited by gulls 
during daylight hours was rest. The numbers of gulls and 
their rates of activity (except for intrusion rate, fig. 13) 
in the colony exhibit a U-shaped pattern throughout the day 
with the highest numbers and rates occurring in the morning 
and evening and a significant decrease consistently observed 
during midday. 
50 














MORNING 	MIDDAY 	EVENING 
PERIOD OF DAYLIGHT 
Figure 11. The average number of gulls on the study 
site as a function of time of day (values are means t 
standard error). Morning=0600-0959, midday=1000-1359, and 











MORNING 	MIDDAY 	EVENING 
PERIOD OF DAYLIGHT 
Figure 12. The rate of birds flying overhead the study 
site as a function of time of day (values are means ± 
standard error). Morning=0600-0959, midday=1000-1359, 
evening=1600-1959. (ANOVA: P=10.05, p<0.05). 
MORNING 	MIDDAY 	EVENING 
PERIOD OF DAYLIGHT 
Figure 13. The rate of intrusions by gulls alighting 
onto the study site as a function of time of day (values are 
means ± standard error). Morning=0600-0959, midday=1000-
1359, evening=1600-1959. (ANOVA: F=0.98, NS). 
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MORNING 	MIDDAY 	EVENING 
PERIOD OF DAYLIGHT 
Figure 14. The rate of neighbor-neighbor disputes 
occurring on the study site as a function of time of day 
(values are means ± standard error). Morning=0600-0959, 









MORNING 	MIDDAY 	EVENING 
PERIOD OF DAYLIGHT 
Figure 15. The rate of courtship behavior occurring on 
the study site as a function of time of day (values are 
means ± standard error). Morning=0600-0959, midday=1000-
1359, evening=1600-1959. (ANOVA: F=14.25, p<0.05). 
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TIDAL EFFECT ON GULL NUMBERS AND BEHAVIOR 
The relative proportions of gull activities such as 
rest, sleep, preen, upright and "other" behavior by gulls on 
the colony remained constant (Regression line: 3rd order 
polynomial for each of the behaviors were NS) throughout the 
tidal cycle (fig. 16). Rest was the most common behavior 
exhibited throughout the tidal cycle. 
Figure 17 shows the average number of gulls observed on 
the study site as a function of tide height. Although 
numbers significantly increased with tide height (Regression 
line: 3rd order polynomial; r2=0.963, p<0.05), a slight 
"plateau" in numbers occurred between +0.3m and +1.2m. 
Figure 18 shows the average rate of birds flying 
overhead the study site as a function of tide height. 
Although rates tended to increase with tide height, the 
trend was not significant. 
Figure 19 shows the intrusion rate of gulls as a 
function of tide height. A significant increase in activity 
occurred throughout the tidal cycle (Regression line: 3rd 
order polynomial; r2=0.863, p<0.05). Also, a "plateau" in 
the rate of intrusion occurred between +0.3m and +1.2m. 
A significant increase in disputes also occurred during 
the tidal cycle (Regression line: 3rd order polynomial; 
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TIDE HEIGHT (m) 
Figure 16. The relative frequency of rest, sleep, 
preen, upright and "other" behavior occurring throughout the 
daylight hours as a function of the tidal cycle (0=mean 
lower low water). (Regression line: 3rd order polynomial for 
each of the behaviors were NS). 
-0.6-0.3 00 03 06 0.9 12 15 1.8 2.1 
TIDE HEIGHT(m) 
Figure 17. The average number of gulls present on the 
study site throughout the daylight hours as a function of 
the tidal cycle (0=mean lower low water). (Regression line: 
3rd order polynomial; r2=0.963, p<0.05). 
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Figure 18. The rate of birds flying over the study site 
throughout the •daylight hours as a function of the tidal 
cycle (0=mean lower low water). (Regression line: 3rd order 











0.6-0.3 00 0.3 06 09 1.2 1.5 18 2.1 
TIDE HEIGHT(m) 
Figure 19. The rate of intrusion by gulls alighting 
onto the study site during the daylight hours as a function 
of the tidal cycle (0=mean lower low water). (Regression 
line: 3rd order polynomial; r2=0.863, p<0.05). 
-0.6 -0.3 00 0.3 06 09 1.2 1.5 1.8 2.1 
z 
TIDE HEIGHT(m) 
Figure 20. The rate of neighbor-neighbor disputes 
occurring on the study site during the daylight hours as a 
function of the tidal cycle (0=mean lower low water). 
(Regression line: 3rd order polynomial; r2=0.768, p<0.05). 
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to +1.5m. Though the courtship rate of the gulls tended to 
increase with tide height (fig. 21), the trend was not 
statistically significant. 
In summary, rest is the most common behavior exhibited 
by gulls throughout the tide cycle. Though the number of 
gulls on the colony and their rates of intrusion and dispute 
activity tended to increase with tide height, there was a 
consistent "plateau" in several of the activities between 
the levels of +0.3m to +1.2m. 
REPRODUCTIVE SUCCESS 







were 8, 15, and 6, respectively. The average numbers 
laid per nest were not statistically different 
the habitat types (ANOVA: F=0.78, NS; fig. 22). 
measures of reproductive output (i.e. eggs and 
are shown in figure 23. Though gulls in the medium 
tended to have greater reproductive success than 
those residing in the short habitat, there was no 
significant difference between any of the parameters: 1) 
Percentage of eggs hatched per eggs laid (Chi-square=2.57, 
NS); 2) Percentage of chicks surviving 21 days per eggs 
hatched (Chi-square=0.34, NS), and 3) chicks surviving 21 
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Figure 21. The rate of courtship behavior occurring on 
the study site throughout the daylight hours as a function 
of the tidal cycle (0=mean lower low water). (Regression 








Figure 22. The average clutch size of resident gulls 
(values given are means ± standard error) nesting in short, 
medium, and tall habitats within the study area (ANOVA: 
F=0.78, NS). 
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Figure 23. The reproductive success of resident gulls 
nesting in short and medium habitats within the study area, 
measured by three parameters; percentage of eggs hatched per 
eggs laid (Chi-square=2.57, NS), percentage of chicks 
surviving 21 days per eggs hatched (Chi-square=0.34,. NS), 
and percentage of chicks surviving 21 days per eggs laid 
(Chi-square=0.45, NS). 
DISCUSSION 
BEHAVIOR OF GULLS IN EACH HABITAT 
Differences in behavior of gulls nesting in different 
habitats within a breeding colony has been previously shown. 
For example, there were higher rates of intrusion among 
Ring-billed gulls (Larus delawarensis) nesting in non-
vegetated areas than in more vegetated areas (Hayward 1982). 
Also, intrusion rates are higher in Western gulls nesting in 
low covered near clubs than elsewhere (Ewald et al. 1980). 
In this study, rates of Glaucous-winged gull activity, 
both intrusion and courtship-related, were greater in the 
short habitat than in medium and tall areas. Since the short 
habitat contained less vegetation than the other two 
habitats, this finding is consistent with those of Ring-
billed gulls and Western gulls. 
Although no further study was done to determine why 
rates in the short habitat were greater, some suggestions 
can be made. For example, the low vegetative cover of the 
short habitat may make landing easier for gulls flying 
overhead. It is known in Western gulls (Ewald et al. 1980), 
as well as in this study, most intruders come from the air. 
On the other hand, it may be that older gulls are 
choosing to nest in the taller habitats and are "pushing" 
out the younger gulls to areas in the short habitat. Those 
gulls who cannot defend territories in the colony may tend 
to remain in those areas until they are more mature (and 
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experienced). It has been shown that older Glaucous-winged 
gulls tend to nest in the interior of a colony and in taller 
vegetation (Reid 1988). 
DIURNAL EFFECT ON GULL BEHAVIOR 
The reduced numbers of gulls present during midday 
might be due to gulls feeding away off the colony at this 
time. Opp (1983) reported that Glaucous-winged gulls on 
Protection Island feed at local dumps "during the time the 
garbage trucks are active at the refuse site (first trucks 
arrive between 0930 and 1030 hours) until 1630". Since gulls 
also feed on invertebrates from the intertidal zone (Irons 
et al. 1986) and most low tides occur during midday on 
Protection Island (Tide graph calendar, Port Townsend, 
1991), gulls gone at this time of day may be feeding for 
marine invertebrates. Fish sources of food for Glaucous-
winged gulls would probably not be tide-dependant. 
Daily variation of activity occurs in gull colonies. 
Burger (1984) showed Herring gulls have higher rates of 
aggression during morning and evening hours than during 
midday. Opp (1983) reported fewer Glaucous-winged gulls to 
be present in the colony on Protection Island during midday 
(1000-1200 hrs) than at other times of day. Consistent with 
these studies, Glaucous-winged gulls in this study tended to 
be absent from the colony (fig. 11) and exhibit reduced 
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rates of behavior (figs. 13-15) during midday (1000-1359 
hrs). However, this reduction in activity may be due to 
fewer gulls being present in the colony during this time. 
Assuming that the number of gulls present in a colony 
affects the rate of behavior, the intrusion, dispute and 
courtship rate of gull behavior was divided by its 
corresponding census to correct for the influence of gull 
census on the rate of behavior. An ANOVA on was done to 
compare each of these rates per behavior for morning, 
midday, and evening. It was found that there was no 
significant difference between intrusion (ANOVA: F=0.29, 
NS), neighbor-neighbor dispute (ANOVA: F=0.68, NS) and 
courtship (ANOVA: F=0.30, NS) activity occurring in each of 
these time periods. 
EFFECT OF TIDE HEIGHT ON GULL BEHAVIOR 
Tidal patterns are known to affect fluctuations in the 
numbers of gulls present in a colony (Herring gulls; Drent 
1967, Galusha and Amlaner 1978), aggressive interactions 
(Herring gulls; Burger 1984), and foraging activities 
(Herring gulls; Burger 1984 Glaucous-winged gulls; Irons 
et al. 1986). 
A primary reason why numbers of gulls present fluctuate 
with tide cycle is probably due to gulls leaving to forage 
in intertidal areas at lower tide levels. At these times 
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more beach areas are exposed, thus exposing potential food 
items. It is known that Glaucous-winged gulls in Alaska 
forage most intensively at times of low tide for barnacles, 
mussels, sea urchins and other small invertebrates (Irons et 
al. 1986) and they probably do so here as well. 
There was a significant correlation between height of 
tide and several gull activities in the colony, namely, rate 
of activity increased during tide levels of -0.6m to +0.3m, 
then "plateaued" from +0.3 to +I.2m, and increased at 
heights greater than +1.2m. A possible reason for this trend 
is that resident gulls may be coming back earlier than 
nonresidents to the colony to defend their territories. As 
nonresidents return to the colony, they are chased off by 
the residents, and "choose" to sit along the beach as the 
tide level permits. Later, as the incoming tide level 
increases, covering the beach areas, nonresidents are forced 
to come into the colony to sit, thus accounting for the 
increase-plateau-increase trend in the numbers of gulls and 
their rates of behavior with increasing tide height in this 
study. 
REPRODUCTIVE SUCCESS 
The reproductive success of gulls residing in the short 
and medium habitat was not significantly different (fig. 
22). This might be due to a small n value from the data 
collected (8, 15, and 6 nests, respectively). 
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However, there were higher rates of activity, intrusion 
and courtship-related, exhibited by gulls in the short 
habitat compared to those in the other two habitats. Thus, 
it would seem that there is some additional cost (in time 
and effort) to gulls living in the short habitat rather than 
in medium and possibly tall habitats. 
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